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1. RESEARCH OBJECTIVES

The main objective of this investigation is to study the textural features of
selected frames of ERTS imagery and use these areal features along with spectral
and temporal characteristics of the resolution cells as the basis for the- discrimination

. between various land use categories,

II. PROBLEMS

Due to the delay in receiving the digital tapes for images of interest in Kansas,
the processing of the actual MSS data for textural features could not be initiated

until almost the end of this report period. However processing of a set of tapes
received towards the end of this report period has been initiated and we do not have

any difficulties, at the presenf time, which will impede the progress of the
confract,

IIT. WORK PERFORMED DURING THIS REPORT PERIOD

The program to extract the textural features of ERTS imagery had been
tested on simulated ERTS data using the data retreival program developed by
Task 2. Request for digital data corresponding to- two- frames of Kansas and
one of San Francisco Bay area had been put in and one set of tapes for the Kansas
Frame had been received on November 24, 1972, The processing of thls data set

for textural features has already been initiated.

IV. PLANNED WORK FOR THE NEXT REPORT PERIOD

During the next report period, we plan to complete the processing of the
Kansas imagery for textural features. We are olso planning to process the digital
data correspondmg to the San Francisco boy area frame. After the textural features
for these frames have been obtained, we are planmng to conduct severcl classification

experlmenfs to generate land use maps based on the textural features.
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" V. RELIABILITY EFFORTS

None

VI. SIGNIFICANT RESULTS

None

VII.. COST BENEFITS OF SIGNIFICANT RESULTS

None

" VIIL. -PUBLISHED PAPERS, ARTICLES, REPORTS

None

IX. RECOMMENDATIONS REGARDING MAXIMUM UTILIZATION OF ERTS SYSTEM

None

X. CHANGES IN STANDING ORDER FORMS

None

~ XI. ERTS IMAGE DESCRIPTOR FORMS

None



XI1.. DATA REQUEST FORMS SUBMITTED

" 6 October 1972 and 6 November 1972 (Attached)

_XIHI. FUNDING

Funding is adequate,

XIV. CHANGE IN PERSONNEL

None
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ERTS DATA REQUEST FORM 10 —
560-213 (7772) o ———
T T™ :
TMAPP, ——
. DATE__'g_c_:;_\.éJ_‘P_ZZ-————— 5. TELEPHONE NO. 913-844-334 )
or 913- 864-4932 exi.35 NEW
2. USERID UM 09¢ 6. CATALOGUES DESIRED
,  STANDARD ] us E] NON-U.S.
4, SHIPTO: ¢ Shanmugem '
ADDRESS[for R. M. Haralick] r“'] DCS. D .
ScaceTeen W‘:?’.}d' Tl A '
v ot ansas ¥ MICROFILM [ us. [_Jnonus
Cowrence, ncnsas £é044 :
ADDDHHNA Cc 8 P F T NN A
JBS‘:RVA(ION CENTE RPO!\!T SENSOR PRODUCT PRODUCT TiIcK NUMBER ~ AREA
IDENTIFIER CCORD"‘IAT‘:S BAND TYPE FORMAT MARKS OF COPIES
100616511 3725N 4,5,6,7) D 7 1 U
10015W (4 tapes for
: the 4 strips |-
of the frame)
100616511 ~3725N 6 B 1 2 U
| 10015W | '
102416511 3725N (4,5,6,7) D 7 1 U
A 10015W . (4 tapes for
the 4 strips
of the frame
102416511 3725N 6 B 1 2 L
- 10015W ~
144




. B NUPF USE ONLY

o]
ERTS DATA REQUEST FORM R

1 550-213 (7/72) . . | I or
. ' L

1. DATE_ MNoveriers, 1972 5. TELEPHONE NO. .13 £44-2349 i
| or 913-844-4832 ex:.35 new
2. USERID___ UN 092 6. CATALOGUES DESIRED
| STANDARD [ ] us. - [ ] NON-U. s.
4.  SHiPTO: <
M KL SR cn"m:c. , :
_[fo Re -x:hc-\] l'_—] ‘ DCsS D
. ADDRESS %:::: T_-...,v.,; by '
| Universi of Kanses W  micrority [ us. [ nonus.
Lcuren:: L Nonios \,\.O-r4 ’
S c g P F T | NN A
e — ' e : TICK . 'NUMBER AREA
RVATION Ak S PRORET | omNAT MAFRKS OF COPIES
18134 D 37.291N | (4,5,6,7) D 7 1

120,935 W A (4 topes for
: ' the 4 strips
“of the frame)

18134 | 37.291N 6 B T | 3
120.935W | - | |
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‘1. RESEARCH OBJECTIVES

The main objective for the ERTS data processing facility is to provide ‘
the opportunity to use the analog and digital processing available at the University -
of Kansas for all ERTS investigators. The work under this task consists of:

1) developing user oriented digital software package for processing. digital MSS

data and 2) developing analog/digital package for processing transparencies of ERTS

imagery on the IDECS/PDP-15 facility.

II. PROBLEMS

None

III. WORK PERFORMED DURING THIS REPORT PERIOD

During this report period the development of digital data retrieval programs

have been completed. This package extracts the digital MSS data corresponding to
“target areas specified by the user on an MSS image. The user specifies a target
area of interest on the image by specifying the coordinates in millimeters measured
from the left and top edge of the image. The program extracts the digital data for
this target area from the digital tapes supplied by NASA, copies the data onto a
user specified storage media for later processing, computes the mean and variance of -
the spéctral data in the four MSS bands and also provides a digital picture of the
target area. This package had been successfully tested on the MSS. image set.
102416511 and is currently being used by other investigators for crop classification
studies. , ' ‘

Two software packages have been added to the IDECS/PDP facility during
this report period. The first package can be used to display and sfudy an equal
probability quantized digital image of an MSS image (frcnspdrency).. The second
package can be used to obtain textural features of selected areas of an MSS image
using the IDECS/PDP facility. Thes= packages are now being used by various
groups of investigators and the results of their studies will appear in their respective
reports, |
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IV, .PLANNED WORK NEXT REPORT f’ERIOD

The main thrust of work during the next report period will be directed towards
extracting the spectral characteristics of selected fields in the Finney County area
in Kansas for which crop type ground truth had been collected. Crop classification
algorithms will be developed and tested.

Digital software development will be directed towards implementing boundary
enhancement algorithms. - The operating personnel in this task. will continue to

provide user oriented services for ERTS investigators in Kansas.

V. RELIABILITY EFFORTS

None

~VI. SIGNIFICANT RESULTS

None

VII. COST BENEFITS OF SIGNIFICANT RESULTS

None

A

VIHI. PUBLISHED PAPERS, ARTICLES, REPORTS

In house memorandum on digital tape accessing procedure is attached.

IX. RECOMMENDATIONS REGARDING MAXIMUM UTILIZATION OF ERTS SYSTEM

None

272
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X. CHANGES IN STANDING ORDER FORMS

None

XI. ERTS IMAGE DESCRIPTOR FORMS

None

'_ XII. DATA REQUEST FORMS SUBMITTED

6 October 1972 and 6 November 1972 (Attached)

XII. FUNDING

Funding is adequate.

XIV. CHANGE IN PERSONNEL

None
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DHHMM
SRVATICN
ENTIFIER

102416511
Q

11 |

102416511

] ADDRESS Craco—qeentiorCTy oot

ERTS DATA REQ

UEST FORM

560-213 (7/72) .

oaTE _OCTCEER 6, 1972
USER ID UN 094

SHIP TO: g, Shanmugem
[for R. M. Haralickl 1

University of Kansas HEW
Lowrence, INCDiSS 66044

CENTER POINT
COC‘RDI?-‘ATES

10015W

3725N
10015W

3725N
10015W

3725N 6
10015W

PRODUCT
- TYPE

B-4

NDPF USE ONLY

N
10 S
] otm_

™

T™M APP. ‘

-RAA-354

TELEPHONE NO. 3
o or 913-864-4832 exT.3D NEW
CATALOGUES-DES'lRE‘D o
STANDARD ] us N_CN-U.S.
DCS ]

MICROFILM

(4 tapes for
the 4 strips

7

(4 tapes for

of the frame

1

of the frame)

the 4 strips |

] us. [C_INONUS.

1

NUMBER
OF COPIES

1 U
2 U




N’DFF USE ONLY | .
ERTS DATA REQUEST FORM R 1D,
' 550-213 (7,72) - : : . DTM
B . ’ - = T™
“TM APP..
‘1. DATE__ Novemberg, 1972 ‘5. TELEPHONE NO. _913-224-1349 r1
' or 9]3-5:',-,——, 32 ex7.33 nzw
2. USERID UN 024 6. CATALOGUES DES!RED | R ,§~5"
. STANDARD D U.s. [: NON-U.S.
4. SHIPTO: y oo | | o
’ K, snonmugem
[for 2. M. Heralick] — . DCS . L———J
ADDRESS Zacee Tonnpmalomn: 0y |
SR - MICROFILM (] us: [_Jnonus.
VHHAMS c B P B Foo. T | NN A
YHHM o 1 : E T TIC " NUMBER AREA
VS| ESEIRT |ER | ORRT | WRE | G | SR
18134 37.291 N 4,5,6,7) D 7 1 U
120.935 W (4 tapes for |
, ‘ the 4 strips
of the frame
37.291 N - .6 B T 3 u

18134

120.935 W .

. R




THE UNIVERSITY OF KANSAS SPACE TECHNOLOGY LABORATORIES

2291 lrving Hill Dr.— Compus West Lowrence, Kansas 66044 :

Telephone:

MEMORANDUM

To: CRINC-Supported ERTS Investigation Personnel
From: Donald L. Williams and Sam Shanmagum

Subject: ERTS Digital Tape Access

A procedure for relating the location of an object peréeived on an ERTS-1 MSS image
to the location of that object on the digital tape has been developed and successfully
tested. ' o

The image interpreter specifies the location of the object of interest on the image.
The coordinates are expressed in millimeters and are measured from the left and top
edges of the imcge. Because of the slight skew of the image,  care must be exercised
in reading from the left edge (see Figurel). ' ' :

A 2 X 2 millimeter grid has been photographically prepared. This grid is laid directly
_ over the image on a light table. The grid is pesitioned parailel to the top.and bottom
~edges of the image and even with the left edge on line with the target. The X(horizontal)
ond Y (Vertical) coordinates are read to the nearest millimeter. : . '

The data retrieval program then extracts the digital data corresponding to a 100 resolution
cell by 100 resolution cell (approximctely 3 X 4 miles-or 5 X 7 Kilometers) area, with the
target centered in the middle of this area. The digital MSS data in all four spectral bands
or any subset of bands specified by the user are retrieved and output. The digital data

is either printed or punched out on cards or writfen out on a mass storage device such

as a tape or disc for lafer processing. The program also prinis out a digital picture of the
target area. The program also hes the capability of extracting ‘he data corresponding

to a field of interest when the coordinates of the upper left hand corner and the lower
right hand corner of the field are specified. R .

The retrieval progrem has been successfully tested on the imdge set and digital tape
for the image 102416511, which covers a portion of southwestern Kansas.
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Figure 1. Lines within the image area indicate the distances to be
measured to determine the approximate digital tape
location of two points (A and B).
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I.

11,

111,

IV,

D

VI,

Summary of research objectives
Objectives of the investigation are: (1) to-evaluate the effect
of water stress, disease, and leaf area on the réflectance character-

istics of whedt, (2) to evaluate disease losses in terms of yield and

water use, and (3) to predict disease severity and economic loss,

Statement of problems

DCP test set has not been received

Accomplishments during reporting period
1. Leaf area and soil moisture measuremeﬁts on tests sites
in Finney and Riley Counties,
2, DCP installed in field.
3. Inoculated Riley County test plots
4, Processed 70 mm transparancies_of last year's wheat crop

taken from low altitude aircraft,

Plahned accomplishment during next reporting period
1. Test and run computer program to maximizé #ariation ﬁithin
wheat fields,
2, Procéss retrospective orders (not yet received) of CCT and
iO mm transparencies on computer and IDEC machine,

3. Print out grey scalebmap of test area. -

Efforts to achieve reliability

None. No data on this yeaf's winter wheat crop,

Significant Results
70 mm transparencies of last year's disease wheat fields (prior
to ERTS-1) taken from low altitude aircraft has shown that disease

severity can be detected from aerial reflectance data.
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ViI.

VIII.

1%,

XI.

X1I1,

- XIII,

XIV.

Estimates of costs benefits
1972 Kansas wheat statistics state that wheat streak and soil

borne mosaic caused a loss of $20 ahd-$5_mi11i0n, respéctively.

List of'pubiished articles
None. Short talk on the objectives of our ERTSel study will

be given at Agricultural Meteorology Conference on January 7, 1973.

Recommended changes in operation

None

Chaﬁges in standing order form

None

‘Number of ERTS Image Descriptor Forms

One

List of Data Request Forms
1. .8 November, 1972

2, 10 November, 1972

Discussion of Adequacy of Funds

None

Personnel Additions
Ed Chin Choy, research aésociate, Evapotranspiration Lab,
Melvin Newman, research associate, Plant Pathology
- Duane Walker, graduate assistant, Electrical Engineering

John Krupp, graduate assistant, Agricultural_Engineering
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~ ERTS IMAGE DESCRIPTOR FORM

(See Instructions on Back)

'DATE

November 20, 1972

" NDPF USE ONLY
o .

PRINCIPAL INVESTIGATOR
NAS5-21822

E.T.

Kanemasu

-N

{10

GSFC

Kansas State University

"ORGANIZATION

'PRODUCT ID

| FREQUENTLY USED DESCRIPTORS®

(INCLUDE BAND AND PRODUCT) ¢,.on1and Pasturp Lake Irrig?ESCRIPTORS

1021 163334 X "River, City

1021 163335 X River, City

1023 16451k X Cirrus

1023 164515 X Cirrus

1025 165654 X X

1025 165655 X X

1057 16334k X River, City,
. Cirrus

1057 163335 X River, City,

Cirrus

1058 163904 X X City

1058 163905 X X City

1058 163924 X X

1058 163925 X X

1058 163954 X ' Haze City

1058 163955 X Haze City

1060 16505k X X Cirrus

1060 165055 X X Cirrus

1061 165124 X X Cirrus

1060 165125 X X Cirrus

1061 16564k X ) X

1061 1656L5 X X

1061 16570k X X

1061 165705 X X

1076 16391k X X City

1076 163915 X X City

1076 163934 X X Clouds

1076 163935 X X Clouds

*FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTLY, WRITE THE DESCRIPTOR T"E‘RMS IN/FTHESE

COLUMN HEADING SPACES NOW AND USE A CHECK (~) MARK IN THE APPROPRIATE PRODUCT
ID LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

MAIL TO.

ERTS USER SERVICES
CODE 563

BLDG 23 ROOM E413

NASA GSFC
GREENBELT, MD. 20771
301-982-5406

GSFC 37-2(7/72)




INSTRUCTIONS FOR COMPLETION OF IMAGE DESCRIPTOR FORM GSFC 37-2(7/72)

Image descriptors are only supplied by investigators. An image descriptor is a term
which assists in defining the contént of an image. All of these inputs will be compiled and
entered into the NDPF data base for subsequent investigator query servicing and catalog
'prep_aration; A standard vocabulary of image descriptors is included in the Data Users Hand-

. book, Section 4.

Coding for the major portion of this form is straight forward ahd self explanatory. It
should be noted however that it is extremely important to assign- the correct product.1D. to
those descriptors that apply to a particular spectral image-or a combination of spectral im-
ages. Below is a description of the product ID along with tables defining the valid band and
product type (processing designator). Your cooperation in providing complete, valid product.

ID’s would be greatly appreciated.

SATELLITE NUMBER (1 = ERTS A; 2 = ERTS B)
" DAYS SINCE LAUNCH
HOUR OF DAY (GMT)

MINUTES OF HOUR (GMT)
TENS OF SECONDS OF MINUTES (GMT)

e A b i

PRODUCT ID ADDDHHMMS |B|P
10370 5_ 185 X | B
‘ “p" CODE
~g" CODE SENSOR SPECTRAL ’ i PROCESSING DESIGNATOR
BAND DESIGNATOR _ ) ] ] (PRODUCT)
B8 8and ) P Processing Type .
K RBV 1 | Blank | Sys. Corr.
2 RBV 2 . : A Scene Corr.
3 RBV 3 B - { Sys. Corr. Color
4 MSS 1 C . . | Scene Corr. Color .
5 MSS 2 D | Sys. Corr. Digital
"6 MSS 3 | E | Scene Corr. Digital
7 -MSS 4 X | Non Standard Processing
R All RBV Bands Sys: Corr: ~-System Corrected tmages {Bulk)
M All MSS Bands 7 Scene Corr. ~Scene Corrécted Images (Precision)
X All Bands )
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" Data Handling Plan

1, Generélv

Upon receipt of a standing order film (MSS-5, 9.5" positivé,trqgspar-

ency), the image will be cataloged and inspected visually, Investigators

will determine if‘retrdspgctive orders for the 70 mm MSS bulk and CCT

are necessary.. The 70 m tfénsparencies will be processed on the CRES-

IDECS machine, The CCT will be processed to determine the location of

test area., These data then will be used with a computer program to

maximize the variations within the test site and provide training sets for

disease detection,

2. Processing

AL

Upon receipt of-standing order, the film will be ‘logged, description

filed and inspected fqrithe following conditions:

. quality of ﬁicture (i.e. no telemetry breaks or registrgtion_
problem) in the vicinity of our test sites,

b. clouds affecting our test sites and,

c., observation of test sites., |

Investigators will then determine if an ERTS Data Request Form

will be submitted fof 70 mm bulk transparencies of each MSS band

and/or bulk digital tapes of each MSS band.A

The 70 mm transparéncies will be pléced immediately in glass and

'scheduled for processing on the CRES-IDECS machine to determine

the feasibility of various techniques for detecting the total

"wheat acreages in an image and the condition of such wheat.

Specific attention will be drawn to fields in the image'which are

_ known to be diseased;'then, other fields with similar conditions



D.

will be noted and checked by-ground truth personnel,.
The bulk éigital'tapesfwill be ‘processed at KU to consolidate
the data within the immediate area of the test field, These
cénsolidateidata will be printed out as a gray-scale map for
further inspection, When the specific test field and all other
hheat fields in thevreducedAimage have beén located, each ERTS
data point will be given an additional category label. The
consolidated éet of data will theﬁ be run through a computer
program which will enhance variations within a desired categofy
and reduce all other points from other categorieé to zero, The
resulting gray-scale map will be inspectea to determine if ﬁhew
variation of disease within the field can be detected. These
data will then be used as a training set for a pattern classi-
fier to detéct a épecific.disease on other wheat fields in the
area,
Targets of Opportuﬁity
a, These areas are designated as targets of opportunity beéause»
the exact location of disease epidemics cannot be predicted.
If an unigque opportunity-to,observe disease or sﬁress is
found by field personnel, standing order films on hand and
at CRES will be checked to determine if they contain these
fields., 1If they do and adequate 70 mm and digital data
exist on hand'they will be processed as discussed previously.
b, 1If existing data is inadequate, we shall obtain proper images
and CCT from NASA-GSFC, Proper imége identification cduld be

determined through the data bank at Sioux Falls, S,D,



Photo Reproduction

Photo reproduction of the ERTS imagery from GSFC is not anticipated.

Data Products-

A,

B,

Gray-scale maps of the test sites,

Gray-scale maps of fhe test sites with maximization vériétion
within field,

Location and identification of Wheat ﬁiequ.in test area.
Outline>maps of disease area in wheat field,

Wheat disease severity versus reflectance.

Wheat leaf area versus reflectance.

Disease severity versus yield reduction in wheat,

3-7



'ERTS~1 AGRICULTURAL STATISTICS

Stanley A. ‘Morain

Remote Sensing Laboratory
Center for Research, Inc.
Space Technology Center
University of Kansas
Lawrence, Kansas 66044

30 November 1972
Bimonthly Report for Period Ending 30 November 1972

Prepared for
Goddard Space Flight Center
Greenbelt, Maryland 20771



. BIMONTHLY ERTS-1 USER INVESTIGATION REPORT

Type I Progress Répdrt‘
for the period ending: 30 November 1972

NASA Contract NAS 5-21822

Title of Investigation: ERTS-1 Agricultural Statistics
ERTS-A Proposal Number: 060-4 |
Task Ndmber:‘ 4 |

.Principal Investigator: Stanley A. Morain

* NASA-GSFC PI ID Number: U664

Report Prepared by: | X}knéé/ﬁgf %4&/{?2@

Donald L. Williams
Research Assistant

,/): - ) ' R
Report Approved by: _ \//zﬂl]\z,u {( - X;’(g,/tcu\

Stanley A. Morain
Principal Investigator

4o e



1. Summary of research objectives: -

The long=term objective of this project is fo develop remote sensors,

particularly for use at orbital altitudes, as data sources for agricultural statistics.
The immediate objectives are to identify wheat fields in Finney County, Kansds, and
to make an assessment of acreage and crop vigor. A variety of methods for yield
prediction is already employed by agricultural stotisticians in government and i»nduéfr.y,
and the relationship between yield and weather is well established. Bcsed.»onvaRTS data
and available weather records, an assessment of the feasibility of predicting yi‘e.l‘ds' will®
be made. This feasibility will be assessed in terms of accuracy and timeliness vis—a=vis
present systems. If suceessful, the project will provide a model for estimating basic crop
statistics and crop yields at regional, national and international scales. Under présem‘
- strategies these data become available long after they are of practical use.

" The objectives of this project are closely related to two other ERTS projects:
a probabilistic crop type identification study by R.M. Haralick at the Center for Research,
Inc., University of Kansas, and a study of wheat disease and pest recognition by E.T.
Kanemasu at Kansas State University. Data and fechniques developed in these two

projects will materially assist in the solution of the agricultural statistics project.

1. Statement or explanation of problems impeding progress of investigation(i.e.,
explanation of any nonconformance with work schedule).

We have not yet specifically begun our analysis of winter wheat because we have
not yet received coverage aofter the wheat had begun to grow significantly . However,
we envision no difficulty in accomplishing our research as outlined in our Data Handling
Plan. We further believe that the experience gained in our analyses to date will

facilitate interpretation of wheat when suitable imagery arrives.

Ill. Discussion of accomplishments or work performed during reporting period:

" Preliminary work for the creation of a set of land systems has been comple’r‘ed. Land
systems are a regional description technique which synthesize elements of the lon.dsccpe
to define re‘vgions which are relatively homogeneous or have reodfly accountable infernal
variation. The component data which we are using for.the land systems in Finney County
are land use (Figure 1), climate, geology, geomorphology, ground water, soil type, and

natural vegetation.



On & and 7 October 1972, Mr. Williams, with the assistance of Mr. Crane (stdff,
RSL, CRINC), collected surface observations in-Finney County and a small-adjacent area
of Hodgeman County (Figure 2). The objective of the collection was to supply a large
data base of crop types. The team collected crop type and land use data for 957 fields,
approximately ten percent of the surface area of Finney County. The collection areas
were selected to provide data for each land use region in the ‘(:ount.y (Table 1). These -
areas were also designed to be easy to locate with respect to .ld’r‘idmc—r_ks on the ERTS=1 "
imagery and to be easily reproducible next spring. | ’

Mr. Williams and Ms. Barker Kave recently coffipleted dnd submitted, ¢ réport”
entitled "Center Pivot Irrigation in Finney County, Kansas: An ERTS-1 Interpretation
Procedure " Thls report details an interpretation technique by whlch an important agrl—
culfural statistic may be extracted from ERTS=T imdgery . '

We have prepared and submitted a Data Handling Plan which outlines our research

plan for the remaining period of this project in detail.

IV. Discussion of planned accomplishments or work during next reporting period:

We plan to complete the land system description. We plan to map winter wheat
from the imagery and to test various techniques for acreage determination (see Appendix
A). Having just received the first digital tapes_(for Augdsf 16, 1972), we shall test

our point location scheme and investigate discrimination among crops on that date.

V. Discussion of efforts to achieve reliability:

We have devised an acreage measurement test procedure in which four techniques
will be employed (see Appendix A). Results of each technique will be compared to the
surface observations and to medium scale aerial photographs taken on 2 June 1972,

In our human interpréfcfions, we employ a team dpprocxch . One interpreter
analyzes the image. Then a second interpreter checks the work. Results are then
checked against the surface observations.and available aerial photography to determine

the magnitude and causes of errors.

VI. .Discussion of S|gn|f|ccnf results and relationship to practical applications or operational
probiems:

The work on center pivot irrigation demonstrates that agricultural statistics may be
derived from ERTS~1 imagery. These are statistics which are not readily available from

other sources, .



VII. Discussion and estimates of the cost benefits of any significant results:
No estimates have been made as we have only recently completed and not yet
disseminated the center pivot irrigation paper.
~ The Center for Research, Inc. is organizing a user semiﬁar which will focus on
the use of remote sensor data in agriculture. Two of the topics to be explored are the
use of satellite imagery and benefits derivable from remote sensor data. We expect re=

sults of this seminar to contribute to future cost-benefit analyses.

VIII. List of published articles, papers, pre"prinfsr, in—house reports, abstracts of talks
that were released during the reporting period after.receiving notice of compliance:
with the provisions of Article IX of the contract:

None, pending release of center pivot irrigation paper.

IX. Recommendations concerning practical changes in operations, additional inves—
tigative effort, correlation of effort and/or results as to maximum utilization of

the ERTS system:

None.

X. List by date of any changes in standing order forms: ‘
Change, submitted 9/1 8/72, from bands 2,5,7 to bands 4,5,7 for the same area.

Notification of change has been received.

X1. Number of ERTS Image Descriptor Forms (Attachment B) as required by Article VII
of the contract:

One ERTS Image Descriptor Form was submitted with the centfer pivot irrigation

report.

XII, List (by date) of any Data Request Forms (for retrospective data) submitted to NASA-
GSFC/NDPF during the reporting period: - . :

A request for one color composite image of Finney County was submitted 9/18/72.

The image has not been received.

X1l Discussion of adequacy of funds to complete task:
All funds are presently adequate. However, funds for travel for projected field data

collection may be inadequate before the end of the contract period_..



XIV, Description of any significant changes in operating personnel during the reporting
period or anticipated during the next reporting period: :

No changes have occurred and none are expected.



Table 1.

Crop
Wheat

Wheat

Stubble

Volunteer

Wheat

Corn

Crop Types Sampled on 6 and 7 October 1972 Finney County, Kansas. Land
Use Regions As Shown in Figure 1.

32
22

3
2

Grain Sorghum 2

- Alfalfa

Pasture
Weeds

Bare

Ground

Forage
Sorghum

Sugar
Beets

Cultural
Sudan
Brome
Water

Total

‘_
13
8

o O O O o©

84

Land Use Regibns

2 3 4 5 6
80 62 gt 32 2]
55 3% 32 0 7

9 10 171 7
4 9 52 53 7
6 15 60 10 6
6 9 66 4 1

9 23 5 23 4
15 7 0 1 1
6 0 14 0 0
6 3 2 5 1

0 0 15 0 0

0 3 1. 0 0

1 0 0 0 0

0 0 1 0 0
0 0 1 0 0

207 156 347 108 55

1 Includes 26 fields in Hodgeman County

2 Includes 24 fields in Hodgeman County

3 Does not include extensive areas of rangeland occurring in these regions
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Total

308
152
47
127
109
87

35
32

20
18

15

957



APPENDIX A

Calculation of area from ERTS~1 data can be .approached in several ways,
each of which contains error terms. The techniques to be used in this project are
outlined below in terms of error and cost factors. '

1. Electronic image enhancer (IDECS): the remote sensing team at Kansas
University has developed an electronic image analyzer. This devi‘ce‘ consists of
several electronic units linked to a PDP 15 computer, an IBM 7094 computer, and to
both color and black and white TV displays. 1t has a wide range of capabilities,
including color combining, density slicing, area integrating, and spectral analyzing.
_O'f specific interest in this project is the area integrating capability .

For area calculations, a framing device is first positioned over a known sife (in
this case, a known wheat field or other crop type). The area within the frame is then
density sliced, constituting in effect a "training" area. After fraining on this site,
the entire scene within the raster or vidicon field=of=view is “oredicted." The pro=
portion of enhanced area to total area in the field=of-view is. calculated and converted
to acres. In this work, the field=of-view will be masked to coincide with previously
established land use regions. , '

Sources of error include those of omission and commission. These can be
accounted for in part by comparing results with data derived by other means. More
importantly, we feel, are the limitations imposed by resolution of the TV display units.
ERTS imagery can be enlarged to overcome some of this difficulty, but we suspect that
the sizes of very small fields that are visually detectable will be distorted on the
enhanced images. Cost will also be a concern. The IDECS system now costs $35/hsur
plus the operator and research salaries. In view of limitations on the reliability of
results from this system, we propose to employ it in a research capacity and to compare
results from this system to those obtained by other means. We k_ﬁow from our radar
work on Finney County that on coarse resolution radar imcgery,’ the IDECS system can
give repeatable results to within + 5% of the known value. '

2. Hewlett-Packard progrdmmoble calculator. The remote sensing laboratory

obtained an HP calculator specifically for spatial analysis. Our model has a plotting



board with tracing unif. Signals from the tracer can be recorded and stored in the
calculator, which, in turn, can be programmed to compute acreages. The process would
involve tracing the outlines (or plotting the corners) or individual fields, converting

the data to acres and summing . | |

The main source of error in this technique lies in the accuracy of tracing or
corner plotting. Even if the imagery is enlarged many times, there may be considerable
"accumulated error, much of which will be attributable to manual sources. Cost-wise,
this technique will require only manual labor and the normal operating cost of the
calculator. We would anticipate the results to be more reliable and cost less than
those obtained by IDECS, but to take longer to acquire. By comparing the time,
operating costs and quality of results, we can better evaluate the merits of these
approaches.

3. MSS data tape: A third technique for calculating wheat acreage in Finney
County will involve the MSS (band 5) data tape. In this case, we intend to produce a
map print-out on which we can locate each wheat field. By locating the coordinates,
we can convert the axes to linear distances and compute the acreage. We should be
able to locate fields rather easily using the red band as explained in the text of this plan.

The main source of error will lie in the cells bordering a given field. Since each
cell represents a linear distance of approximately 200 feet, a miscalculation of onere-
solution cell circumscribing a 160 acre field amounts to an error of +33% (£16% on a
640 acre field). This same error applies to all the techniques discussed here. The
advantage of using computer maps to estimate the acreage is that the errors associated
. with iféms 1 and 2 are reduced or eliminated. The cost involved, once the maps are
produced, is entirely manual labor. However, the results may be the most reliable of any
obtained and will form a base~point for comparison with those from approaches 1 and 2.

4, Transparent template: Perhaps the least sophisticated, yet potentially most
reliable, means for calculating crop acreage from “either imagery or.computer map is
to construct a template of common field sizes. We believe that under high contrast
conditions (winter season ?) the smallest field visible on the red band is 20 acres.

Other common field sizes are 40, 80, 160 and 320 acres, an artifact of the township
and range sysfemv of land survey. Because of this, we can construct a transparent overlay
at a given scale (1:1,000,000; 1:500,000; 1:250,000, etc.) and simply match fields to

template sizes.

4-7



The error in this technique is perhaps least of all those discussed when viewed
in the aggregate. Actual acreages are not calculated; instead, field sizes-are
assigned on the basis of "best fit." In other words, a 35 acre field, as calculated

by methods 1, 2 or 3 above, would simﬁly be called 40 acres. For individual

counties, interpreters with modest experience should be able to estimate a given crop's
acreage rather quickly by this technique. We will employ it in an effort to.evaluate

its accuracy and reliability with respect to other techniques .
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ERTS-1 DATA HANDLING PLAN

Agricultural Statistics for Finney County, Kanses

INTRODUCTICN

As outlined in the work statement, the objectives of this research are three:

the first involves determination of wheat acreage, of wheat winter survival , wheat

harvested, etc. as far as they may be determined using ERTS-1 MSS datg; the second
requires the addition of results from objective number one to meteorological data

obtained from a network of ground stations to estimate wheat yields in Finney County,

Kansas. A third objective focuses on the sampling strategy required to obtain
agricultural crop statistics. The last of these objectives is a significant adjunct to
the First two but is distinct from them. Since the ERTS-1 satellite passes overhead
only once in 18 days, a sampling strategy is needed that is independent of variable

" cloud cover. Although the major emphasis in this research will be placed on winter
wheat (divided into irrigated and non-irrigated types), it will be necessary to work
with other crop types to achieve the desired results. The first two objectives will be
approached using a combination of the spectral and ’remporcl concepts. Basically
the plan calls for o determination of the spectral responses of wheat as a function of

growing stage and a comparison of those specfrcl responses, fhrough time.

DATA HANDLING PLAN

The data hendling plon for this research will follow the model proposed by
Steiner (1970). He has proposed a five step program for conducting temporal crop
surveys from space. First the study area will be regionalized on the basis of land
use. A first attempt at defining these regicns in Finney County is shown in Figure 1.
Within each crea transects will be selected for sampling, mapping cnd periodic
ground observation. The third and fourth steps require repeated covercge by the

oppropriate sensors, Vhen a complete temporal data set becomes availcble,
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,reflecfcnées can be compared, combined with weighting functions to account for
the crop mix in the particular study area, and interpreted for crop type and for
other information. One of our ultimate goals is to link the temporal data set to
known crop phenologies. Though Steiner's model is sketchy in most details, it is a
useful beginning point for the preseni research. Specifically, for acreage estimates
(o vital part of cbjective number two) we propose a four point data handling plan.

1. During the winter months. of mid-December through mid-March, the
dominant visible crop in Finney County is winter wheat. At this time of year, fields
should be easy to image, locate and identify on the red band of ERTS-1 imagery.
We intend to review the temporal sequence of this band throughout this time frame
for purposes of selecting an opfimﬁm, nearly cloud-free image, showing the
distribution of wheat fields in the study area, then to order the magnetic tape for
ol four bands. Our object in this stage is simply to locate wheat fields and cal-
culate total acreage as observed on the image. To support the interpretation of this
particular image we have already collected (during the fall months of 1972) necessary
ground truth for wheat fields within each of the subregions delineated in Finney County
(see discussion of objective three below and Figure 2). Measurement of acreages
will be performed by several techniques to compare results, and these results will
then be compared with county data obtained from ASCS offices. Specifically, we
will employ a Hewlett Packard programmable calculator for plotting the wheat
coverage and we will compare these results with those obtained from both the IDECS
area integrator and data tepe analysis (see Appendix A). The results will constitute
“the first data points in both the time ond spectral data spaces against which later
changes can be compered. Spectral data of all main crops will be extracted from
the MSS data tepe and utilized in the creation of spectral identification curves (see
NAS 5-21822, Task 60-1 for details).

2. During the time frame from Mcrch to April the agricultural scene in
Western Kansas begins fo renew spring growth. At this time we will select a second
image for calculation of winter survival in wheat. Each year a certain percentcge
of wheat planted the previous fall is plowed under or otherwise destroyed. Moreover,
it is o growing practice in the winter wheat belt to utilize wheat fields for winter
grazing with no intention of harvestingfor gréin. These acres must be subtracted
from the total wheat acrecge planted before any accurate projection of yield can

be made. During the month of April ground truth will again be collected to estimate
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the crop mix for wheat pasture and alfalfa since it will be necessary to compare their
respective spectral responses eorly in the growing season. Alfalfa end paosture are
perennial crops. Imcges from the preceding September will be compared to the Apr:l
images to find fields with no significant spectral change; which, in this study area

will be either alfalfa or pasture. We will compare the results of the ground truth

with published pest records of alfalfa and pasture acreages in Finney County so that
‘we can apply proper weighting functions to the estimated wheat acreage in April.

We should be cble to locate those particular wheat fields that-have been plowed

under by comparing the April spectral response to that derived from step one above.,
Examination of imagery received to date shows that this can be done without difficuity.

Also during the early spring period we will begin to compile weather data for
the 1973 growing season. These will include tempercf.ure and precipitation data
for a network of stations in, and surrounding, Finney County (see discussion of yield
prediction below for details). As arefinement on the relationship between weather
data and wheat spectral responses we will attempt, where possible, to compile
information on wheat varieties to see if there is any significant spectral variation
between them. This latter task may be quite difficult, as we have already discovered
that few data on wheat varieties are routinely gathered by any of the USDA county
or state agencies. '

3. During the months of May cnd June the winter wheat crop is developmg
and maturing rapidly. We will select from this time frame as many MSS images as
appropriate for filling out the data on spectral identification curves. | By this time
in the growing season we will have already determined the location of wheat fields,
the acreage of wheat, the appearance of these fields on a regional basis within
Finney County, and the spectral response and location of its nearest spectral neighbors,
alfalfa and natural pasture. In addition to these data we will have our first
opportunity to obtain spectral responses for other crops in Finney County; namely,
corn and sorghum (Appendix B).

4, Calculdtion of wheat acreage harvested represents a problem of the first
order. We expect that the spectral response for ripe and hervested wheat (i.e: wheat
vs. wheat stubble) will be very similar end that difficulty will be encountered in
distinguishing cut from uncut fields. Research will be conducted to evaluate this
problem. In the mecntime we will assume that all wheat acrecge that reaches
mcturil’y.will be harvested and base our yield estimates on that quantity. Obvious
crop losses that occur between maturity and harvest will be accounted for.
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This will be done for each lend use region previously defined, within the county.
Also from the June-Ju.ly imagery we will have a second look at other crop types in
Finney County and begin to create spectral identification curves for them os well.
We will use data beginning July 1972 to cid in the construction of these curves.

Having compiled the acreoge estimates and spectral responses through time for
irrigated and non-irrigated wheat (as well os for alfalfo,pasture, corn and sorghum),
it is necessary to infroduce weather history data in order to make actual yield
predictions. Thompson (1969) has already computed the relationship between weather
history and wheat yield in western Kansos .('Appendix C). We know from his study
that there is a very high correlation between spring weather conditions and June
harvest. We will collect the necessary weather data from a network of stations
and, using a regression equation derived from Thompson's attributes, compute the
estimated yield per acre in Finney County. Total county yield will then be the
prodﬁcf of yield per acre times number of acres as computed from the ERTS-1 imcgery.
It is our intention to complete these calculations by the end of July ofter receipt
of suitable imagery from the June=July overpass. If successful, this-estimate will
pre~date the usual announcement of Finney County wheat yield by several weeks or
months .

The third objective of this research is to design a sampling strategy that is
usable independently of the instentaneous cloud cover. Agricultural surveys from
space, based on the present 18 day overpass must be so arranged that the necessary data
can be extracted from imagery regardless of the cloud patterns at the instant of over-
pass. Some previous agricultural surveys, conducted using aircraft sensors, have
shown the incdvisability of sampling strategies tied to specific fields. Cloud covered
sample sites cannot be used in data enalysis; consequently for this research a sampling
design has been formulcied to relieve that situation. . '

The strategy we have adopted involves the concept of land systems as
defined by Christicn and Stewart (1953). The land system is conceptually no different
from the model proposed by Steiner (1970) and can be used in the same way for the -
present purpose. It is assumed for present purpeses that these regions are homogeneous
environmentally as well ¢s in terms of farming practices. For each region it is
possible to calculate: (a) the proporticn of the entire county occupied by this
region; (b) the proportion of the area within each region devoted to each. por’"‘"'?culor
crop; ond (c) the proportion of any given crop existing in o given sfcfe of growfh

Essential to the design of this sampling strategy is the need to imoge fhe enhre area
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- at lecst once By ERTS-1 (or clfernaﬁvelyﬁ to have the exact location of each field
plotted from ground truth at some 'poinf in the eariy stages of the growing season).
If we know the proportion of county land occupied by a given region and the
proportion of land within that region devoted to a particuler crop, then we can, on
any given cloudy dcy, estimate fromthe proportion of visible to non-visible region,
the corresponding proportion of crop in a given crop state. Within each region in
the county sufficient ground truth sempling must be on hand in order to determine
the time dependent spectral response of any given crop in various stages of growth.
For this particular project we will have acquired complete data on wheat in Finney
County during the winter months from December fhrough February. Our infention
during the coming months is to formalize this model end test it during the Spring of

1973.
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APPENDIX A

Ccleulation of aréa from ERTS-1 data cen be approached in several ways
each of which contains errcr terms. The techniques to be used in this project are
outlined below in terms of error and cost factors.

1. Electronic imege enhancer (IDECS): the remote sensing team at Kansas
University hos developed the electronic imege analyzer shown in Figure 3. This
device consists of several electronic units linked to a PDP 15 computer, an IBM 7094
computer, cnd to both color and black and white TV displays. It has a wide range of
capabilities including color combining, density slicing, area integrating, and spectral

analyzing. Of specific interest in this project is the area integrating capability.

Figure 3.

For area caleulations a framing device is first positioned over a known site
(in this cc;e a-krown whect | field or other crop type). The area within the frame is
then density sllced, constituting in effect o "training" crea. After training on this
site the entirescene within the raster or vidicon fieid-of-view is "predicted”.. The
proportion of enhanced area fo total area in the field-of-view is calculated and
converted fo acres . In this work, the field-of-view will be masked to comc:de with
prev:ously estcblished land use regions.

Sources of error mc!ude those of omission and commission. These con be
accounted for in part by comparing results with data derived by other means. More

importantly, we feel, are the limitations imposed by resolution of the TV display units.
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ERTS imagery can be enlarged to overcome some of this difficulty but we suspect that -
the sizes of very small fields that are visually detectable will-be distorted on the
enhanced images. Cost will also be a concern. The IDECS system now costs $35/hr.
plus the operator and research salaries. In view of limitations on the reliability of
results from this system we propose to employ it in aresearch capacity and to compcre

results from this system to those obtained by other means. We know from our radar
work on Finney County that on coarse resolution radar imagery the IDECS system can
give repeatcble results to within + 5% of the known value.

2. Hewlett-Packard programmable calculator. The remote sensing laboratory
obtained an HP calculator specifically for spatial analysis. Our model hes a plotting
board with tracing unit. Signals from the tracer can be recorded and stored in the
caleulator which, in turn, can be progrcmmed to compute acreages. The process would
involve tracing the ouilines (or plotting the corners) of individual fields, converting
the data to acres and summing.

The main source of error in ’rhxs technique lies in the accuracy of tracing or
corner plotting. Even if the imagery is enlarged many fimes there may be considerable
accumulated error, much of which will be attributable to manual sources. Cosf-wise
this technique will require only manual lebor cnd the normal operating cost of the
calculator. We.would anticipate the results fo be more relicble and cost less thcn
those obtained by IDECS, but to.take longer to. acquire. By compormg ‘the hme,
operating costs and quality of results,we can better evaluate the merits of these
_cpprocches . |

3. MSS data tepe: A third technique for cclculo’rmg wheat acreage in aney
County will involve the MSS (band 5) data tepe. In this case we intend fo produce a
meop print-out on which we can locate each wheat field. By locating the coordinates
we can convert the axes to linear distances and compute the acreage. We should be
oble to locate fields rather ecsily using the red band as explcmed in the text of this
plan..

The main source of error will lie in the cells bordering a given field. Since
each cell represenis a linecr distance of approximately 200 feet,a miscalculation
of one resolution cell circumscribing o 160 acres field cmounts to an error of + 33 %

(+ 16% on a 640 acre field). This scme error cpplies to all the techniques discussed
here._ The cdvantege of using computer maps to estimate the acrecge is fhar fhe errors .

“associated with items 1 and 2 are reduced or eliminated. The cost mvolved ‘once the
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A-3

maps are produced, is entirely manual labor. However, the results may be the
most relicble of any obtained and will form a bese-point for comparion with those
from approaches 1 and 2. |

4. Transpcrent template: perhaps the least sophisticated yet potentially most
relichle means for calculating crop acreage from either imagery or computer map
is to construct a template of common field sizes. We belrie\./e that under high contrast
conditions (winter season?) the smallest field-visible on the red band is 20 acres.
Other common field sizes are 40, 80, 160 end 320 ccres; an crtifact of the township
and range system of land survey. Because of this we can construct a transparent
overlay ot a given scale (1:1,000,000; 1:500,000; 1:250,000, etc.) and simply match
fields to templafe sizes.

The error term in this technique is perheps least of all those discussed when
viewed in the aggregate. Actual acreages are not calculated; instead field sizes
are assigned on the besis of "best fit". In other words a 35 acre field, os calculated
by methods 1, 2, or 3 above would simply be' called 40 acres. For individual
counties, interpreters with modest experience should be able to estimate a given
crop's acreage rather quickly by this technique. We will employ it in.an effort to

evaluate its accuracy and reliability with respect to other techniques.
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APPENDIX B

Identification of crops with essentially identical growing seasons may be
difficult from MSS data. One pbssible solution, which we infend to test on the
Finney County data, is outlined in this eppendix. This solution will not produce
crop identification for specific fields, but will yield aggregate statistics. The
technique will be operated within the regions defined for this report and will be
based on a ground data sample within each region. An important element.of the
echmque is that spectral signature separation of crops is not required.

~To implement the procedure, a vector of measurements will be developed
for each field in the ground data samplé. These measurements may be developed
either from the images or the digital tapes. Preliminary analysis of available
images suggests vector lengths of 3 to 8 measurements may give usable results.
All identical vectors will be tabluated and the empirical probability of a given
| crop type being associated with that vector will be calculated.

The vector for all fields are then calculated. Crop types are fhen assigned
according to the probabilities associcted with each vector. The resulting data cre
summarized for the county. The result is the total area in each crop in the county.

This method is readily amenable to automatic processing from the digital
tapes, should it prove a satisfactory method for obtaining statistics for aggregate

units.

4-20



APPENDIX C
Extracted from Thompson (1969)

Time trends were develored using
dummy vanavies. varnaole one had
numerals 1 to 23 for the vears 1920
to 1944, All sears from 1943 10 1963
had the numeral 26 in the column tor
variable one. Variable two had the
numeral 1 for ail vears from 1920
to 1943, The vears from 1946 to 1963
had numerals 2 w0 24 in the coiumn
for the second varinble. In other
- words, 1946 had the numeral 2 and
1968 had the numerai 24 in the column
for the second variable. The third
variable was the square of ¢l numer-
als in the second variabic. The numeral
1 -appeared in all vears from 1920 1o
1945, The numeral 4 appeared in
1946. and 376 urgeared in 1968 for
“the third variabie. :

The first multiple regression anal-
ysis in this study included the weather
variables in lincar and quadratic form
plus all three variables for time trend
(Table 2). Time trends in three states
indicated a lincar uptrend in vield
after 1945—North Dukota. South
Dakota, and Kansas. The analvsis was
run again for these states without the
third variable. thus giving two linear
time trends. .

Time trends for Oklahoma. Illinois.
and Indiana were linear from 1920
to 1943 and curvilinear from 1943 to
1968. '

The curve for each weather variable
in each state was plotted graphicuily
from the regression equation. If the
curve was a convex parabola. the
variable was assumed to be curvil-
inear for further anulvsis. I the curve
was a-'concave parzbola. the variudle
was treated as a iinear relationship in
further analvsis. The ratiorale here
is that one would expect un optimum
temperature or optimum amount of
rainfall. As the weuther variabie de-
parts from opumum. the vield should
decline. A concave curve indicates
high vields with extreme departures
from normul. raintzil or normal tem-
perature in cither direction und would
be iltogical in regresvon analysis.

Summary

Wheat vields started climbing ra-
pidly In the United States aiter 1945,
The use of ferulizer, particuiarly ni-
trogen. appeurs to be the major fac-
tor in this trend change.

Wheat vields increased at an average
annual rate of ubout a half bushel per
acre per vear in North Dakota. South
Dakota. and Kansas from 1943 to
1968. The annual vield increuse was
nearly a bushel per acre in illinois
and Indiana around 1930. but waus
increasing at a rate of more nearly a
haif bushel. per acre per vear by
1968. The trend in yvield increase
for Oklahoma was almost a bushel
per acre per vear around 1930. but
by 1968 the annual rate of increase
was very slight. _

In the spring wheat states of North
and South Dukota wheat responds
favorably to above normul rainfall
throughout the vear, above normal
temperatures early in the growing
season. and below normal tempera-
tures late in the growing season.

Hard red winter wheat in Kansas
and Oklahoma responds in particu-
lar to above normal precipitation in
the full and winter and again in
April. Cooler than normal tempera-
tures in the spring until the crop is
mature are also favorable.

Seft red winter wheat in lilinois
and Indizna appears to benefit from
less than normal rainfail throughout
“the wear, near normal  temporature
in Aprill and. cooler than normal
temperatures inMav and June.

The weather variables aad  tech-
nology trends accounted for 30 to
92 percent of the wheat yvield vari-
ability in the six states.

Because the mujor wheat belts of
the worid occur at about the sume
latitude, where weather is somewhat
similar, there is a corrclation between
whent production in the Urited Stazes
and the rest of the world.
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N Ll i 1 T I
Table 2, Regression coefficients and “a” values for multiple recression analysis of wheat vields. au!&: WANSAS wofaT vELD
North South : ! - “:w i-sy?,;!o ‘ra;:uu's-z:rusbn B
o Dalea Drlera Kaneaze Ollghoma Hlirnic  Defiira ' o gﬁfgff giw E:'m ——
a™ Value . 10.113 11.789 12.213 13.198 15893 13.438 sk WEATHER . - 7
Trend 1920335 Linear o450~ 032 086 021 158 217 ‘
Trend 1945-68 Linear S72 442 498 981 902 933 .
Quadratic - - = -021 —.005 —.008 - 1
August-March Linzar 926 A16 631 380 —~.22p —229 '
< Precinitation Quadratic —.021 -.179 - —.027 —.001 - )
April Precipitation Linear - 426 1.568 27 186 161 —.141 »r
Quadratic 018 —.614 —.043 —~.048 —-299 -
April Temperature  Linear 096 2250 —095 321 —.057 .015
K Quadratic —.028 - 035 - - -.013 =022
May Precipitation Linzcar 500 ~.158 191 —618 —3549 317
Quadratie —-.061 132 —.233 —.120  —-.077 -.072
May Temperature Linzar J07 057 223 315 —293 - 397
Quadratic — — - - —.059 — 013
June Precipitation Linear .70t 433 -.327 A1 —1339 — 730 e
. Quadratic - - — . =235 —.228 -
June Temperature Linzar —-417  ~303 —.101 392 —351 —a21 ' ’
) Quadratic. - - —.005 —.163 — - o sp : 4
July Precipitation Lincar 381 --.961 - - - -
Quadratic - .008 - — — —
July Temperature Umc:i” -8 -3l - = - - % e v Y Y .
Standard error in bu./aQ-ua raue 29 2_: ._,; 2; 2; 3: Figure 6. Actual and calculated yields and trend

in yields of wheat in Kansas.

nology, one would expect vields to  April. May. and June are associate
reach a higher fevel in Kansas. -with highest wheuat vields in Kansas.
Highest wheat yields in Oklahoma Highest wheat vields in Oklihoma
and Kuansas are associated with above are associated - with below normal
normal precipitation from August temperatures in April and May. but
through March. Normal precipitation §|l:1h11§' ‘abm'? ngrmu? temperature
in this period is about 13 inches in 13 dcsn}'uolg after the wheat is mature
Kansas and IS inches in Oklahoma. and ripening. Just before maturity.
The relationship of this variuble to however. lower thun .r;ormul teniper-
wheat vield is linear for Kansas atureisdesirable in both states. i
Kansas and Oklahoma - (with a regression  coeftficient  of The _\‘ear.19(70_\\'us'unusuall\' ll"\'or:
Figures 6 and 7 show the results of  .63) and indicates a gain of .63 bush- able for wheat in Kansas. F:. and
the -multipc regression analvsis for el of wheat for each additional inch  winter precipitation wus mut hisn-
Kansas and Oklzhoma. Wheat vields  of above normal fuil and winter pre- er than normal. April r»lm..x;..l \“_:h
with normal weather were about equal  cipitation. slightly below nqrmul. but .‘-\pm'u..».’;-
in the two states in 1943 aad again in Highest wheat vields in Kansas are  perature was shgntl:\': ub'mhc Aol
1968. However. the technology trend  associated with above normal rain-  May rainfall was slightly \'c.io‘“, noil.'-
was curvilinear for Otinhema and  fall in April. normal rainizll in Mav,  mal, and May t;n‘._p'-cr;uuTc was 1b‘\,t
linear for Kansas. Extrerolution of  and below normul rainfull in June. normal. June raintdll was ‘1”".“:"“:‘;‘{'
the trends with normal weuather indi-  Normal amounts of raintfail are 2.31. 1y below ngrm;'ll_. and -Jum. Ls‘:l_.?::.‘l-
cated a further guin of u hail bushel  5.740 and 422 inches. respectively. ture was 'S_II‘LT'h“.\ ‘z‘)c‘lo‘.\‘ 1‘10:_”1%‘ ‘ ;.c
per acre per vear in Kunmsas but g for Apni. Mav, and June, Peak rain- only -slgmm‘.t‘n‘l bi?\lr.lJl'f.‘ ru‘Tx M‘rf
leveling  of  vields for Okxidhoma.  full in June appears to be somewhar  mal umong the weather variubles was
About 40 pounds of nitrozen per acre  excessive for wheat in most vears in the fallund winter preepitc mvon L
. were used in the two states in i9es. Kansas, ~Thc }car.\. with the lom.:l”\\}?u.vn
There is no apparent_cvplunation Highest wheat vields in Okllahoma \lLles x|n kunsu.ﬁ were 1933 and
of why the vicld trond with wormal  are wssociated  with above aormai 933 when precipitation  was well
. weather is curvilinear Tor Oklahomz  rainfall in April. below normal rain- below normul tn the rgrlod August
and so much steeper than the trend  fall in May, and normal rawdall in through March. in April, and again
for Kansas from 1943 to 1900, Kansas June. Normal amounts of raietall  inJune,
was using more fertifizer on wheat  are 345, 476, and 4.00 inches, re-
than ONlihoma prive to 1Yol Que \r\glx\d\ for Aprl, Mave and June.
possible explanation is that normul he rainfidl peak i May appears to
weather 1o Kansas is more tavorabic be somewhat  eseessive . tor wheat
for wheat than is pormal weuather in mmost vears in QOklahoma, '
Okl;ihomu. Given the same  tech- Below  normal 4_[-r}zwpcr;uurcs in
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e THE UNIVERSITY OF KANSAS SPACE TECHNOLOGY LABORATORIES

2291 lrving Hill Dr.— Campus West Laowrence, Kansas 66044

Telephone:

. MEMORANDUM

To: CRINC-Supported ERTS Investigation Personne!
From: Donald L. Williams and Sam Shanmugam.

Subject: ERTS Digital Tape Access

© A procedure for relating the location of an object perceived on an ERTS-1 MSS image
to the location of that object on the digital tape has been developed and successfully
tested. '

The image interpreter specifies the location of the object of interest cn the image.
The coordinates are expressed in millimeters and are measured from the left and top
edges of the image. Because of the slight skew of the image, care must be exercised
in reading from the left edge (see Figurel). ’

A 2 X 2 millimeter grid has been photographically prepared. This grid is laid directly
over the image on a light table. The grid is positioned parallel to the top and bottom
edges of the image and even with the left edge on line with the target. The X(horizontal)
and Y (Vertical) coordinafes are read to the nearest millimeter.

The data retrieval program then extracts the digital data corresponding to @ 100 resolution
cell by 100 resolution cell (approximately 3 X 4 miles or 5 X 7 Kilometers) area, with the
target centered in the middle of this area. The digital MSS data in all four spectral bands
or any subset of bands specified by the user are refrieved and output. The digital data

is either printed or punched out on cards or written out on a mass storage device such

as a tape or disc for later processing. The program also prints out a digital picture of the
target area. The program also has the capability of extracting the data corresponding

to a field of interest when the coordinates of the upper left hand corner and the lower
right hand corner of the field are specified. '

The retrieval program hes been successfully tested on the image set and digital tape
for the image 102416511, which covers a portion of southwestern Kansas.
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Figure 1. Lines within the image area indicate the distances to be
measured to determine the approximate digital tape
location of two points (A and B).
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I. Summary of research objective(s):

- It is the objecflve of this study to defermme the feasibility of momformg fresh
water bodies in Kansas using ERTS~1 imagery. This is o, be accomphshed by attempt-
ing to correlate spectral reflectance with water properties and analyses measured at
the time of overflight on two reservoirs under intensive study (Tuttle Creek and Perry ~

Reservoirs).

II. Statement of explanation of problems impeding progress of investigation (i.e.,
explanation of any nonconformance with work schedule). :

We have not received the submarine photometer necessary for turbidity measure=
ment, and are still employing the secchi dish fechmque, however, these measurements
appear to be reasonably accurate. An additional problem, but-one-fully anticipated,
the freezing of the reservoirs. During the last overflight of Perry Reservoir (November
29th), three sample stations were inaccessible due to ice in the upper end of the lake .
Although the reservoirs are expected to freeze completely in January and February,
sampling during overflights before and after total freeze will be conducted, the complete=

ness of these sampling missions to be dependent upon ice coverage.

III. Discussion of accomplishments or work performed during reporting period:

Most sampling missions involving > ten stations have been conducted successfully
on both Perry and Tuttle Creek during the four overflights in this reporting period. The
exceptions are the October 6th mission on Perry, which was aborted due to rough water,
and the final three stations of the November 29th mission on Perry, which were unattain=
able due to ice. The following analyses have been. performed on the samples for the
first three overflights of the period: suspended and dissolved load (organic and
inbrgdnic), chlorophyll, nitrate, phosphate and potassium. This is in addition to measure=
ments made in the field, including water temperature and turbidity. Most usable images
of Perry and Tuttle Creek reservoirs have been level sliced on IDECS and density measure~
ments corresponding to sample stations are being made to compare with results of sample |
analyses. All pertinent data, including density measurement dnd results of sampling

missions, are being placed on computer cards for use in the near future.



IV. Discussion of planned accomplishments:or work during next reporﬁng ‘peri.‘c-)a:

A sufficienﬂ)ll large bank of data resulting from sampling missions and water _
analyses is accumulating to be used with a number of useable ERTS images of Perry and
Tuttle Creek in attempts at correldti ing the spectral signatures of the two reservoirs _
with observed water properties. These oh‘empfs should begin durmg the next reporting perlod .
In addition, digital tapes have been ordered for one pass over Tuitle Creek. and ;urround-
ing reservoirs to complement our study of the imov'geys and to determine the cdvcnfage and
disadvantages of such tapes in supplying more reliable. data concermng specfral reflectance.
Plans are also being made to include sampling of addmoncl reservonrs throughout the state
on subsequent overflights. Differences between the appeardnce of reservorrs on the same
image and in the same apperent geologic and landuse regions have been observed cxnd |
will be studied. In addition, reservoirs in different ph)/SlOngpth provinces and geolog:c

regions will be investigated. This will begin with the next Kansas overflights.

V. Discussion of efforts to achieve reliability:

From the results obtained in level slicing nmoges of the reservoirs and from in-
spection of resulfs of sample analyses changes have been made in the location of sample
stations on both reservoirs. Persistant patterns of groy level variation have been observed
on Perry and Tuttle Creek imoges. The location of old sampling stations failed to docu=
‘ment adequately many of these patterns . New sampling stations have been chosen which
are spaced more closely in areas of rapid gray level flucticn to more control in our ground
truth measurements, i

Coiner, Currier, and Williams of CRINC are engaged in a related project, the pur~
pose of which is to measure the areal extent of surface water using ERTS images and ulﬁm.cfely:
to construct surface water maps for various times of the year.

The process is as follows:

1. The IDECS is used to level select the water bodles
on an MS35-6 image.

2. A PDP-15 program is called which counts the number
of cells which have been selected.

3. By comparison to a known area, the PDP-15 then
calculates a total water area.

At present, initial tests with the IDECS have been conducted and areal data can be

recovered; however, an error term cannof be assigned at-this time.. The next step is to
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request simultaneous underflights and by conventional means datermine the actual area

of surficial water for use in comparison with experimental results.

VI. Discussion of significant results and relationship to practical applications or
operational problems:  NONE . '

VII. Discussion and estimates of the cost benefits of any significant results: NONE..

VIII. List of published articles, papers, pre=prints, in-house reports, absiracts of
‘talks that were released during the reporting period after receiving notice of
compliance with the provisions of. Article IX of the contract: NOINE.,

IX. Recommendations concerning practical changes in operations, additional
investigative effort, correlation of effort and/or results as to maximum
utilization of the ERTS system: :

From initial comparison of water analyses with density measurements of sample sites
on the reservoirs, a favorable correlation has been found between gray level and the amount
of suspended solids, Measured ion concentrations however, have been either véry low or
lacking correlation with gray=level. As a result, cnalyﬁes to determine. the concentrations
of potassium, phosphate and nitrate ions have been'dropped. More attention will be given
the suspended solids and chlorophyll concentrations and their role in determining the observed

spectral signatures. _ 2
X. List by date of any changes in the standing order forms: NONE.,

XI. Number of ERTS Image Descriptor Forms {Attachment B) as required by Article
VII of the contract: attached =-three description forms.

XII. List (by date) any Data Request Forms (for retrospective data) submitted to
"~ NASA-GSFC/NCPF during the reporting period: November 12 and November 17
copies attached. . » '

XIII. Discussion of adequacy of funds to complete task: Funding is adequate for completion
- of task.,

XIV. Description of any significant changes in Ope'.l;ofing personnel during the reporting
period or anticipaied during the next reporting period: NONE, . ;
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Our data analysis plan, bééed 6n the first two month's
imagery, reﬁains essentially unchéﬁged., We do plan, however;
to make the following modification.
| To.date 10 samples each from Perry and Tuttle Creek
‘reservoirs, every 18 days, have been analyzed for suspended
solids (inorgahic), suspended solids (organic), dissolved
solids (inorganic), dissolved solids (organic), chlorophyll,
nitrate ions, phosphate ions, and potassium ions. ' We plan
to increase the number of samples by sampling other xeservoiré
in addition to Perry and Tuttlé Creek and/or increasing the
number of samples At Perry and Tuttle.Creek. To'create
enough additional manhours for analyzing additional samples,
the chlorophyll and ion analyses (nitrate, phosphate, and
potassium) Qill not be done on-alI‘samplés. The ion analyses
_will be done on one or two samples/reser?oir. The chlorophyll
analysis will be done on approximateiy 50 percent of the
sémples. 'In other words, the ménhours required for increased
- solids analyses will be offset by a reduction of manhours
required‘forfchemical analyses resulting in no change in budget
‘requirements; | |

This change is.justified by the faét that film density
‘from imagery receiVea so far shows a strong qualitative corre-

lation with concentration of solids and no apparent correlation

with the measured chemical concentrations. Increasing the
.pumber of solids measurements will enhance the possibility of
developing a quantitative relation between film density and

solids concentration.
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1. RESEARCH OBJECTIVES

The two program 6_bje¢’rives of this study may be defined as:
A. Use of multispectral imagery to mcp the areal geology of selected
sites in Kansas, and to identify anomalous patterns.

B. Search for large=scale ground patterns by spatial frequency analysis.

II. PROBLEMS

| Images 1003-16341-2, 1003—16350-2, 1006-16502-2, 1006-16504-2,
1006~-16511-2, 1007-16563, 1007-16560-2, have been received,however, the
images ordered from the other bands on a Data Request Form dated 12 September 1972,
have not been received. As soon as we receive these images we will begin our

multispectral studies.

I, WORK PERFORMED DURING THIS REPORT PERIOD.

During this report period, the manual interpretation of the usable images
from ERTS has continued. We are still in the process of experimenting with system
parameters associated with our optical processing system. System parameters to be
optimized include the scale factor (factor relating the spatial frequency scale of the
Fourier transform to the image ground sccle), sample size (size of sample area on
image being transformed), and the interrelation of these factors with ground

resolution.
. The optical processing system, which includes the laser, optics and a
Recognition Systems Inc. Diffraction Pattern Sampling Unit (DPSU), is used in the -
spatidl frequency analysis of our imagery. Using the ERTS images s the input to
our system, the Fourier transform of the specific sample area is obtained optically
and detected by the DPSU.

" The DPSU consists of a diode array used to detect the intensity distribution
across it, and electronics which amplify and digitize the output from each diode
on the array. The diode array is composed of 32 wedge-shaped photodiodes and 32
annular ring photodiodes. Therefore the output from any element is related to the

light intensity integrated over the area of that element. The output from our array, .
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‘then, may be use_d_‘vto characterize ground features indirectly in terms of intensity '

versus radius or angle on the detector array.

IV. PLANNED WORK NEXT REPORT PERIOD

Spatial frequency cnclysus of ERTS imagery - .and. optical processor system
‘parameter studies will continue during the next report period. Output from the
spatial frequency analysis will be compared to detect similarities or trends in the
intensity dlsfrlbuhon of the Fourier transforms. Detection of trends or similarities
in the Fourier transform intensity distributions will be an indicator of trends, patterns,
or similarities in the original ERTS images. Also we will relate the Fourier transform
intensity distribution patterns to ground features and search for any anomalous

features that might be contained in the images.

V. RELIABILITY EFFORTS

We have encountered several problems in obtaining reliable digitized Fourier
transform intensity distributions with our opfical processing system. The problems
have been traced to a combination of equipment instability and procedural variations.
| However, these problems are being corrected and they are not a significant

deterrent to the progress in this investigation.

V1. SIGNIFICANT RESULTS

None

VII. COST BENEFITS OF SIGNIFICANT RESULTS

None
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‘VIII. PUBLISHED PAPERS, -ARTICLES,‘ REPORTS

None

IX. 'REVCOMMENDATIONS REGARDING MAXIMUM UTILIZATION OF ERTS SYSTEM

None

X. CHANGES IN STANDING ORDER FORMS

None

XI. ERTS IMAGE DESCRIPTOR FORMS (Attachment B)

Attached

XII, DATA REQUEST FORMS SUBMITTED

12 September 1972  ( as reported in progress report dated 30 September 1972)

XIII. FUNDING

Funding is adequate.

XIV. CHANGE IN PERSONNEL -

The project engineer for this investigation, Mr. Dwight Egbert, will be
taking a three month leave of absence starting in January 1973. Mr. J.

McNaughton, an engineer who was added to project personnel in October 1972, will
6-3 ‘



be replacing him dlur'ing this period. After Mr, Egbert's r_e‘turn,‘ both engineers

will continue to be involved in this study .



ERTS IMAGE DESCRIPTOR FORM

(See Instructions on Back)

November 30, 1972 NDPF USE ONLY -

. DATE . - D
: . - . N
PRINCIPAL INVESTIGATOR John C, Davis ond Fawwaz T, Ulaby o

Gsrc __UN 657

University of Kansos Center for Research, Inc.

ORGANIZATION

PRODUCT 1D FREQUENTLY USED DESCRIPTORS®
(INCLUDE BAND AND PRODUCT) [giro Lake. |Floodplain DESCRIPTORS
1020-16273-4,5 " " " | DENDRITIC DRAINAGE

1020_]6275_4,5 H L n ' n 1
1020-16282-4,5 : " "o " n : "
1021-16342-4, 5 . ] y ’ ;

1026-17024-4,5 " " oo SANDHILLS

1057-16341-4,5 " " " DENDRITIC DRAINAGE
1061-16561-4,5 | " woofoom PARALLEL DRAINAGE
1061-16564~4,5 " E " PARALLEL DRAINAGE + OYTCRO}
1061-16570-4,5 " " " SANDHILLS

1062-17015-4,5 X
1062-17022-4, 5 o
1098-17025-4,,5 o

*FOR DESCRIPTORS WHICH WILL OCCUR FRECUENTLY, WRITE THE DESCRIPTOR TERMS IN THESE
COLUMN HEADING SPACES MOW AND USE A CHECK {~") MARK IN THE APPROPRIATE PRODUCT
ID LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UNDER THE DESCRIPTORS COLUMN).

MAIL TO . ERTS USER SERVICES
CODE 563

BLDG 23 ROOM E413.
NASA GSFC
GREENBELT, MD. 20771
301-982-5406

GSFC 37-2(7/72)



INSTRUCTIONS FOR COMPLETION OF IMAGE DESCRIPTOR FORM GSFC 37-2 (7/72)

Image descriptors are only supplied by investigators. An image descriptor is a term

which assists in defining the content of an image. All of these inputs will be compiled and

entered into the NDPF data base for subsequent investigator query servicing and catalog’

'preparation. A standard vocabulary of image descriptors is included in the Data Users Hand-

- book, Section 4.

Coding for the major portion of this form is straight forward and self explanatory. It

should be noted however that it is extremely important to assign the correct product ID to

those descriptors that apply to a particular spectral image or a combination of spectral im-

ages. Belowisa description of the product ID along with tables defining the valid band and

product type (processing designator). - Your cooperation in providing complete, valid product

ID’s would be greatly appreciated.

PRODUCT ID

SATELLITE NUMBER (1 = ERTS A; 2 = ERTS B)

DAYS SINCE LAUNCH

HOUR OF DAY {(GMT)

MINUTES OF HOUR (GMT)

TENS OF SECONDS OF MINUTES (GMT)

e S WP N S U

"ADDDHHMMS

103705185

“g"” CODE SENSOR SPECTRAL

BAND DESIGNATOR

Band

RBV 1

RBV 2

RBV 3

MSS 1

MSS 2

MSS 3 .

MSS 4

All RBV Bands

All MSS Bands

X 2iviv|jo]loja|lw|[n]|a

All Bands

- “P" CODE
PROCESSING DESIGNATOR

. {PRODUCT)

P ' Procesing’Ty.lpo

Blank Sys. Corr.

A Scane Corr.

B Sys. Corr, Color

C 'Scene Corr. Color

D - Sys. Corr, Digital

. E Scene Corr. Digital

X Non Standard Processing

Sys. Corr. - System Corrected Images {Bulk)
Scene Corr, - Scene Corrected Images (Precision)
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ERTS IMAGE DESCRIPTOR FORM

{See Instructions on Back)

DATE November 30, 1972

espc __UN 657

PRINCIPAL |NVEST|GATOR John C. Davis and Fawwaz T. UIGby

" ORGANIZATION University of Kansas Centerfor Research, Inc.

NDPF USE ONLY

- ’ PRODUCT ID

FREQUENTLY USED DESCRIPTORS*

(INCLUDE BAND AND PRODUCT) Lake

Stream

Floodplaif

DESCRIPTORS-

1021-16333-4,5 "
1023-16451-4, 5 | n
1056-16273-4,5 - | "
1057-16332-4, 5 "
1057-16334-4, 5 "
1076-16391-4,5 n
1076-16393-4,5 o
1076-16400-4, 5 E
1077-16454-4,5 "

SANDHILLS

SANDHILLS
SANDHILLS

*FOR DESCRIPTORS WHICH WILL OCCUR FREQUENTL
COLUMN HEADING SPACES NOW AND USE A CHECK
ID LINES. (FOR OTHER DESCRIPTORS, WRITE THE TERM UND

MAIL TO

Y, WRITE THE DESCRIPTOR TERMS IN THESE

{~) MARK IN THE APPROPRIATE PRODUCT

ERTS USER SERVICES
CODE 563

BLDG 23 ROOM E413

NASA GSFC

GREENBELT, MD. 20771
301-982-5406

ER THE DESCRIPTORS COLUMN).

GSFC 37-2(7/72)




INSTRUCTIONS FOR COMPLETION OF IMAGE DESCRIPTOR FORM GSFC 37-2 (7/72)

Image descriptors are only supplied by investigators. An image descriptoris a term
which assists in defining the content of an image. All of these inputs will be compiled and
entered into the NDPF data base for subsequent investigator query servicing and catalog’ .
|preparation. A standard vocabulary of image descriptors is included in the Data Users Hand-‘

book, Section 4.

Coding for the major portion of this form is straight forward and self explanatory. It
should be noted however that it is extremely important to assign the correct product ID to
those descriptors that apply to a particular spectral image or a combination of spectral im-
ages. Below is a description of the product ID along with tables defining the valid band and
product type (processing designator). Your cooperation in pfoviding complete, valid product

ID’s would be greatly appreciated.

SATELLITE NUMBER (1 = ERTS A; 2 = ERTS B)
DAYS SINCE LAUNCH
HOUR OF DAY (GMT)
MINUTES OF HOUR (GMT)
TENS OF SECONDS OF MINUTES‘(GMT)

PRODUCT 1D ADDDHHMMS |B|P
103705185 x|B
“P" CODE
“B"” CODE SENSOR SPECTRAL ’ ’ PROCESSING DESIGNATOR
BAND DESIGNATOR _ {PRODUCT)
- B Band P Processing Type
1 RBV 1 Blank Sys. Corr.
2 RBV2 A Scene Corr.
; 3 RBV 3 8 Sys. Corr. Color
4 MSS 1 C Scene Corr. Color
5 MSS 2. D Sys. Corr. Digital
6 _MSS3 . E Scene Corr. Digital
a 7 MSS 4 ¢ X Non Standard Processing
R “AI'I RBV Bands Sys. Corr. — Systam Corrected images (Bulk)
M All MSS Bands ) Scena Corr. - Scane Corrected Images (Precision)
X All Bands '
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